Social impact assessment (SIA) provides a methodology for defining, monitoring and employing measures to demonstrate the benefits and/or harms created for target communities through evidence of social outcomes and impacts. Although a recent increase in the number of applications is seen, SIA lacks consensus in its methodology, which increases ambiguity and complicates the generalization of any results obtained from individual studies. The objectives of this study are to investigate the methodology of SIA in order to define trends, state of the art, limitations, knowledge gaps, and to recommend future research directions. This study employs a systematic mapping to determine the methods available to perform SIA, and more importantly to identify a set of fundamental challenges faced by practitioners using SIA. Articles are searched through online databases, and are limited to the English language. A total of 81 articles published between 2009 and 2019 were selected, of which 49 included a case study application. A total of 12 fundamental challenges were identified, based upon the screened articles, which serve as a starting point for future research directions to further enhance the SIA methodology.
Introduction
A common definition of sustainability emerged from the Report of the World Commission on Environment and Development: Our Common Future: "Sustainable development seeks to meet the needs and aspirations of the present without compromising the ability to meet those in the future." [1] . Sustainability is often represented by the tripartite model, in which the concept is divided into three interconnected pillars: The economic, environmental and social pillars [2] . By defining sustainability as three separate and even autonomous components, the analysis of sustainability becomes easier from a technical point of view, as each pillar can be evaluated separately. This model has been strongly criticized, because it balances and makes trade-offs among the three pillars, which should be a last resort [3] . As a result, many studies perform analyses separately, and then integrate the results into the final steps to perform a global assessment. The increased interest in sustainability has resulted in the field of sustainable product development. Sustainable product development involves the adoption of lifecycle technologies that reduce the negative economic, environmental and social impacts of a product. Among the different methods available for performing social assessments, social impact assessment (SIA) provides a method to assess the social impacts of a single process and/or plant related to a product or service, and it is often used in the context of development projects [4] . A social impact assessment is defined as "a systematic appraisal of impacts on the quality of life of persons and communities whose environment is affected by a proposed policy, plan, program or project" [5] .
Relative to the environmental and economic assessment fields, the social impact assessment field is not well studied. This can be explained by the perception that ecological aspects are more urgent than social aspects, and that there are complex relationships and interdependencies between social Table 1 . Nomenclature of terms used in article.
Term Definition

Aggregation
Summing or bringing together of information (e.g., data, indicator results, etc.) from smaller units into a larger unit. (e.g., from inventory indicator to subcategory). In Social Lifecycle Assessment (S-LCA), the aggregation of data may be done at the life cycle inventory or impact assessment phase, and should not be done in a way that leads to any loss of information about the location of the unit processes [8] .
Allocation Partitioning of the input or output flows of a process or a product system between the product system under study and one or more other product systems inside of the system boundaries [18] . It is basically the division of impacts between the product system under study, and one or more product systems with which it interacts [19] .
Area of Protection (AOP)
Cluster of category endpoints of recognizable value to society e.g., human health, natural resources, natural environment and man-made environment.
Characterization
Determination and/or calculation of results for subcategory indicators [8] .
Classification
Relating of the inventory data to particular stakeholder categories, impact categories and subcategories [8] .
Environmental Endpoint
Represents the environmental damages caused to an area of protection (AOP), i.e., the biotic natural environment or human health [8] .
Functional Unit Quantified performance of a product system for use as a reference unit [18] .
Impact Indicator Quantifiable representation of an impact category [18] .
Impact Category
Logical groupings of S-LCA results, related to social issues of interest to stakeholders and decision makers [8] .
Normalization
Calculation of the magnitude of category indicator results relative to reference information [18] .
Input
Product, material or energy flow that enters a unit process [18] .
Life Cycle Inventory (LCI) Phase of a S-LCA in which data are collected, the systems are modeled, and the life cycle inventory (LCI) results are obtained [8] .
Midpoint
Covers an environmental problem that stands between the LCI and the final damage in the AOP [8] .
Output Product, material or energy flow that leaves a unit process [18] . 
Term Definition
Performance Reference Point (PRP)
Additional information used in characterization models, which may be internationally set thresholds, goals or objectives according to conventions and best practices, etc. [8] .
Social Endpoint
A social attribute or aspect identifying an issue giving cause for concern (e.g., well-being of stakeholders). Adapted from ISO 14040 [8, 18] Stakeholder Individual or group that has an interest in or is impacted by any activities or decisions of an organization [20] .
Stakeholder Category
Cluster of stakeholders that are expected to have similar interests due to their similar relationship to the investigated product systems [8] .
Stakeholder Theory
Theory that identifies and models the stakeholder groups of a corporation, and both describes and recommends methods by which management can give due regard to the interests of those groups [21] .
System Boundaries Set of criteria specifying which unit processes are part of a product system [18] .
Weighting
Converting and possibly aggregating indicator results across impact categories, using numerical factors based on value-choices; data prior to weighting should remain available [18] .
There are four phases in a life-cycle assessment (LCA) analysis as per the ISO 14044 [18] :
1.
The goal and scope definition phase: Goal definition involves explaining the intended application, the reasons for performing the study, and the intended audience. The scope defines the product system to be studied, the functional unit, system boundaries, allocation procedures, any assumptions made in the analysis and interpretations to be used for the results [18] .
2.
The inventory analysis phase: The life cycle inventory phase involves the collection and quantification of the inputs and outputs to be considered for the analysis [18] . The data collected is used for prioritization, site specific evaluation, and for the impact assessment procedure [8] . 3 .
The impact assessment phase: This step involves the classification, aggregation and characterization of data according to performance reference points. At this phase, the impact categories and subcategories are selected, along with the characterization methods and models. The collected data is also related to subcategories and impact categories, and the results for the subcategory indicators are calculated [8] . 4 .
The result interpretation phase: This phase involves the process of assessing the results from the study in order to draw conclusions. This phase has the following objectives: To analyze the results, reach conclusions, explain the limitations of the study, provide recommendations and to make an adequate report of the results [8] .
Materials and Methods
Systematic Mapping Methodology
Because there is no current standard to perform systematic mapping in the social impact assessment field, the methodology presented in this study is based on the work of James et al. [13] , which has been adapted to the field of social impact assessment. Due to the existing similarities between systematic mapping and systematic reviews, this study incorporates elements from the work of Biolchini, et al. [22] , Mulrow [23] , Petti, et al. [10] , Zamagni, et al. [15] and Zumsteg, et al. [14] . The methodology consists of a series of sequential steps that are explained in more detail in the following subsections. This Sustainability 2019, 11, 4106 5 of 30 evidence synthesis method was selected over the systematic review for numerous reasons. First, the objective of the research question is to describe the state of knowledge of the social impact assessment field. Answering this research question requires researching broad topics that are not suited for systematic reviews, which are usually used for more focused topics. Second, the articles included in the search database are from numerous sources, including published articles, company reports and grey literature. The systematic mapping is better accommodating for the heterogeneous information sources considered in the study relative to the systematic review. Third, the synthesis of the selected articles follows a meta-data approach that aims at identifying trends in the literature, research gaps and clusters, but no quantitative or qualitative synthesis of the results is to be presented, as is commonly done in a systematic review.
Review Team
The review team for performing the systematic map consists of two members. The objective, scope, research question as well as the inclusion criteria, were developed by both team members. One of the team members performed the literature search and article screening. This same person performed the coding of the results to be used for creating the visualization of the results. The other team member served as a manager to ensure quality assurance along the complete process. The review team also discussed and agreed upon selecting the systematic map over the systematic review method based on the objectives and characteristics of the study.
Systematic Map Research Question and Objective
The objective of the systematic map in this study is to describe the current state of knowledge of the social impact assessment field with respect to the methods available to perform such studies. The research question to be answered is the following: "What are the current methods available to perform social impact assessments, and how have they been implemented?" In order to better answer and organize the results, the main research question has been divided into the following sub-questions:
• How many case studies were published between 2009 and 2019? •
What are the areas of application of social impact assessments? • How are these applications being carried out? • What are the subjects being assessed for social impacts? • Which are the geographical areas being considered in social impact assessment studies? • What are the main challenges for each of these social impact assessment methods?
Keywords and Source Databases
A literature search was selected as the method to search for information. The systematic map focused mostly on academic literature from peer-reviewed journals, academic conference proceedings, and to a lesser extent, grey literature. Book chapters and books were excluded from the database because the information is presented less concisely relative to scholarly articles. Because the authors aimed to determine the state of knowledge of the social impact assessment field from a high-level perspective, book chapters and books in general were considered too focused and too detailed for the scope of this study. The results from this study should motivate more focused studies, such as systematic reviews, and those should include book chapters and books in their analysis, as those aim to have a more detailed understanding of the topics under study. The main search database was SCOPUS, supplemented by Google Scholar and the Google search engine. The search string used in the systematic map consisted of the following two areas (shown in bold below), with their respective synonyms:
1.
Social Impact Assessment 
. Inclusion and Exclusion Criteria
An important aim of this study was to gather evidence related to social impact assessment regardless of the discipline. Instead of performing a focused literature search and restricting the articles only to those in the Engineering or Mathematics fields for example, the authors wanted to gather as much evidence as possible, regardless of the field of origin. In addition, no restriction was placed with regards to the country of origin of the study or the industry of application.
The authors knew a priori about the breadth of applications being covered by social impact assessments, and the goal was to obtain knowledge from heterogeneous sources to gather a wide range of evidence and topics. The only two major inclusion restrictions were that the articles were written in the English language, and that they either provide a social impact assessment method or provide a review of other social impact assessment studies.
Screening for Evidence
As with systematic reviews, the systematic map follows a structured and objective methodology for screening the literature information. The following procedure was carried out to determine if the article would be selected as part of the systematic map:
1.
Read the article title and keywords 2.
Read the abstract 3.
Read the introduction and conclusion 4.
Read the full text Each step was performed in a sequential manner, continuing to the next step if the previous step did not allow the author to determine whether the articles should be selected or not. By following this procedure, a total of 81 journal articles were selected, of which 49 included a case study application. An additional number of grey literature documents were selected based on references found in the journal articles themselves.
Coding
Coding is the process of assigning categories to generic and detailed information of the selected articles. It organizes, categorizes and describes the records included in the systematic map, allowing users to organize the results by a particular topic or a descriptor of the articles [13, 24] . For the present study, coding was performed by a single team member, and then verified by the team manager. Two coding approaches were performed in this study. A general coding consisting of the article author information, date of publication, journal of publication and the industry sector based on the 2017 North American Industry Classification System (NAICS) [25] . For articles with a case study application, a more detailed coding procedure was followed. In addition to the previously mentioned generic coding, the more detailed coding included the case study timing, the scope of the case study, the method applied, the geographic information of the researchers performing the case study and of where the case study was performed, the type of indicators used in the study, the type of data source, and finally the application of the case study to the product development process. The coding variables used for the meta-data analysis are summarized in Tables 2 and 3 . There are numerous approaches to synthesizing the results from a systematic map. As stated by Zumsteg, et al. [14] , "approaches range from qualitative work, such as grouping and summarizing of expert opinions, to quantitative synthesis, in which the published data are adjusted to a common value or other statistical methods are utilized as part of a meta-analysis". Meta-analysis is meant to analyze a large collection of data from individual studies with the purpose of integrating its findings [15] . The meta-data synthesis consisted of two parts. The first part consisted of summarizing the article information using the generic and detailed coding variables already defined. This information was used to create an electronic database that summarizes the information of the selected articles. The second part of the study consisted of a qualitative integration of the articles that included summarizing the challenges of performing social impact assessments identified in individual articles.
Expected limitations of the Systematic Map
Instead of focusing on small discipline subsets, the authors wanted to explore social impact assessments across many disciplines, which is one of the reasons why a systematic map was chosen as the method to perform the evidence synthesis, rather than the systematic review. Although the authors want the results to be as generalizable as possible, the breadth of applications of social impact assessments limit this applicability. The results and discussion section only apply to the samples analyzed in this study.
Results
The systematic mapping allows the identification of the current methods that are available for researchers to perform their assessments, their advantages and disadvantages, and the challenges that users may face when using the methods. A total of 81 articles were selected, of which 49 had a case study application. The results are organized in the following manner. Section 3.1 provides a summary of the articles selected using the systematic map procedure. The articles are classified based on the generic coding presented in Table 2 of the Materials and Methods section. Please refer to Table S1 in the supplementary material for a summary of all of the articles reviewed, along with their generic coding information. The articles that have a case study are classified based on the detailed coding procedure shown in Table 3 of the Materials and Methods section. Please refer to Table S2 in the supplementary material section for a complete summary of the articles reviewed with a case study Sustainability 2019, 11, 4106 8 of 30 application. Section 3.2 provides a summary of any non-peer-reviewed methods available to perform social impact assessments. Non peer-reviewed methods involve roundtables and collaborations from multiple sources such as private industry experts, academic and university centers, and even representatives from government agencies in some cases. These methods are briefly explained, along with a summary table that presents challenges related to their application. Section 3.3 provides a summary of the identified challenges for the application of social impact assessments. The identified set of 12 challenges are tabulated, along with the articles in which they are mentioned. Figure 1 shows a plot of the number of articles with respect to their year of publication. As previously mentioned, the recent increase in the number of social impact assessments is attributed to two publications. The first one is the 2009 United Nations Environmental Program (UNEP) and the Society of Environmental Toxicology and Chemistry (SETAC) guidelines [8] for performing social impact assessments. The starting year of 2009 for the inclusion of articles in the systematic map is based upon the year of publication of such guidelines. At this point in time, the field was lacking a major systematic set of guidelines on how to perform a social impact assessment. The UNEP/SETAC guidelines provided a lifecycle-based framework grounded in stakeholder theory. major systematic set of guidelines on how to perform a social impact assessment. The UNEP/SETAC guidelines provided a lifecycle-based framework grounded in stakeholder theory. The guidelines also cover how to collect data and to assess the quality of the data being used for the studies. Although the contribution from the guidelines was significant, there were still a lot of open questions, especially in the selection of the impact subcategories and indicators. In this research, impact indicators are defined as quantifiable metrics that are used to track social impacts based on measurement [26] . Some common examples of indicators are income distribution, occupation injuries and deaths, and access to potable drinking water [27] . The 2013 Methodological Sheets, also from the UNEP/SETAC group, provided additional direction for performing social impact assessments [28] . The publication of these two sets of guidelines resulted in a significant increase in the number of case studies and applications of the guidelines for performing social impact assessments. Figure 2 shows the top 4 scientific journals in which the selected articles were published. The results show that a combined 51% of the selected articles were published in either the International Journal of Life Cycle Assessment or the Journal of Cleaner Production. The high number of articles published in the International Journal of Life Cycle Assessment results from the fact that most of the articles follow a life cycle approach when performing their analysis. The high number of articles published in the Journal of Cleaner Production highlights the fact that many social impact assessment studies are complementary to environmental impact studies. In addition, some authors incorporate environmental impacts as part of their social impact assessment analysis. The guidelines also cover how to collect data and to assess the quality of the data being used for the studies. Although the contribution from the guidelines was significant, there were still a lot of open questions, especially in the selection of the impact subcategories and indicators. In this research, impact indicators are defined as quantifiable metrics that are used to track social impacts based on measurement [26] . Some common examples of indicators are income distribution, occupation injuries and deaths, and access to potable drinking water [27] . The 2013 Methodological Sheets, also from the UNEP/SETAC group, provided additional direction for performing social impact assessments [28] . The publication of these two sets of guidelines resulted in a significant increase in the number of case studies and applications of the guidelines for performing social impact assessments. published in the Journal of Cleaner Production highlights the fact that many social impact assessment studies are complementary to environmental impact studies. In addition, some authors incorporate environmental impacts as part of their social impact assessment analysis. Figure 2 shows the top 4 scientific journals in which the selected articles were published. The results show that a combined 51% of the selected articles were published in either the International Journal of Life Cycle Assessment or the Journal of Cleaner Production. The high number of articles published in the International Journal of Life Cycle Assessment results from the fact that most of the articles follow a life cycle approach when performing their analysis. The high number of articles published in the Journal of Cleaner Production highlights the fact that many social impact assessment studies are complementary to environmental impact studies. In addition, some authors incorporate environmental impacts as part of their social impact assessment analysis. Figure 3 shows the distribution of the selected articles with respect to their industry type. The 2017 North American Industry Classification System (NAICS) was used as a reference for industry classification of the articles [25]. The Agriculture, Forestry, Fishing and Hunting and the Manufacturing industries, are the most represented, contributing to 36% of the total articles. The Utilities, the Professional, Scientific and Technical Services and the Mining, Quarrying, Oil, and Gas Extraction industries, collectively make up an additional 26% of the industrial applications. It is interesting to see that a lot of these industries involve a high environmental impact, which highlights the fact that the social impact assessment studies usually evolve as an extension of environmental assessment studies [10] . . The Agriculture, Forestry, Fishing and Hunting and the Manufacturing industries, are the most represented, contributing to 36% of the total articles. The Utilities, the Professional, Scientific and Technical Services and the Mining, Quarrying, Oil, and Gas Extraction industries, collectively make up an additional 26% of the industrial applications. It is interesting to see that a lot of these industries involve a high environmental impact, which highlights the fact that the social impact assessment studies usually evolve as an extension of environmental assessment studies [10] . 
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Out of the 81 articles selected using the systematic mapping, 49 have a case study application (for the complete list, please refer to Table 3 ). Figure 4 shows the distribution of the case studies with respect to their industry classification, based on the NAICS [25] . Similar to all of the articles, the Agriculture, Forestry, Fishing and Hunting sector has the highest representation with 18%. The Manufacturing and Utilities sectors have a similar representation. The top 3 industries collectively represent 48% of the selected case studies. Contrasted with the previous classification, there is an increased representation for the Transportation and Warehousing industry sector, which results from the number of case studies involved with the transportation sector. 
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Out of the 81 articles selected using the systematic mapping, 49 have a case study application (for the complete list, please refer to Table 3 ). Figure 4 shows the distribution of the case studies with respect to their industry classification, based on the NAICS [25] . Similar to all of the articles, the Agriculture, Forestry, Fishing and Hunting sector has the highest representation with 18%. The Manufacturing and Utilities sectors have a similar representation. The top 3 industries collectively represent 48% of the selected case studies. Contrasted with the previous classification, there is an increased representation for the Transportation and Warehousing industry sector, which results from the number of case studies involved with the transportation sector. Figure 5 shows the timing of the application of the case study shown in the article. As expected, most of the social impact assessments are performed post-implementation, meaning that the product or system being evaluated is already in place. This result was expected, because one of the biggest challenges when performing a social impact assessment is the availability of data. Different from environmental and economic impact assessments, the use of regional data is very important when performing social impact assessments. Due to the globalized nature of current products and services, it can be a big challenge to gather the necessary social data from all companies involved in the different life cycle stages of the products or systems. This procedure is even more complicated at pre-implementation stages, during which the authors do not fully know the companies that will be involved in the product or system. One of the goals of the social impact assessment field is to increase the number of applications at the pre-implementation stage, as this will result in decisions that increase the amount of positive social impacts from products and services. This would be a pro-active approach rather than the currently more common reactive approach.
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Non Peer-Reviewed Frameworks and Methods for Performing Social Impact Assessments
This section provides a summarized description of the identified non peer-reviewed frameworks. A brief description of each framework is presented, along with a summary of its applicability and challenges. Table 5 provides a summary of the frameworks and methods presented in this section along with notable challenges for each. A Social Lifecycle Assessment (S-LCA) is a method that aims to assess the social and socio-economic aspects of products along with their positive and negative impacts throughout their lifecycle, encompassing the extraction and processing of raw materials, manufacturing, distribution, use, re-use, maintenance, recycling and their final disposal [8, 10] . Research into S-LCA started in the mid-1990s and developed significantly from 2005 [30] . The S-LCA framework can be seen as an extension of an environmental impact assessment, meaning that it has a similar four step structure as stated in the LCA standard ISO 14040: (1) Definition of goal and scope, (2) lifecycle inventory analysis, (3) impact assessment analysis and (4) interpretation of results [8] . The goal of the S-LCA framework is to assess all of the social impacts that a product or service causes for its stakeholders throughout the complete lifecycle of the product, relative to the system of reference defined. Social impacts are understood as the positive and negative consequences on the stakeholders involved in the lifecycle. As seen from the systematic mapping, the S-LCA framework is the one adopted by the majority of authors. Although there has been a significant increase in the number of researchers applying this method, it still faces many challenges, especially in the selection of impact categories and indicators. As a result, a significant number of authors follow the framework in their studies, but the indicators and impact categories are highly varied.
The literature also exhibits a classification among S-LCA studies: Type I and Type II S-LCA studies. This classification is based upon the fact that Type II studies use a causality-based characterization, meaning that there are causal relationships between the input inventory data and the midpoint and endpoint level impacts [31] . Type I S-LCA studies use a Performance Reference Point (PRP) approach to assess the impact data, in which the inventory values are compared to established nominal reference values to determine the magnitude of the impacts, and whether the impacts are positive or negative. The results are aggregated into subcategories according to the stakeholder's interest, and the aggregation is performed using a scoring system [31, 32] .
2018. Product Social Impact Assessment (PSIA) from the Roundtable of Social Metrics
The Handbook for Product Social Impact Assessment (PSIA) [33] describes a consensus-based method to assess the positive and negative social impacts of products and services based on the following four stakeholder groups: Workers, local communities, small-scale entrepreneurs and users. The method focuses on assessing the social impacts of products and services, rather than on the impact of the company as a whole. The handbook closely follows the structure of an environmental LCA, as it is aimed to be used by practitioners that want to extend their environmental assessment with the social aspects of the company's products. The roundtable was initiated because the companies recognized the need for a social impact assessment method that is relevant for business. Some of the limitations of PSIA have to do with the amount of data needed to perform the analysis. Also, the results are presented using a 5-point scale, which may be an oversimplification for real-life scenarios. The method does not provide support for performing the aggregation and weighting steps in an impact assessment.
2009. UNEP/SETAC Guidelines
The guidelines for a social lifecycle assessment of products [8] provide a set of social and socio-economic LCA-based guidelines to complement the Environmental and Life Cycle costing assessments, contributing to the full assessment of goods and services within the context of sustainable development. The framework follows the structure of the ISO 14040 and ISO 14044 standards for performing environmental LCA.
The guidelines propose a twofold classification of social impacts: By stakeholder categories and by impact categories. On the basis of the most current and state of the art methodological developments, this document formulates guidelines on how to assess a product based on social and socio-economic indicators.
The guidelines are based on stakeholder theory, where impact categories are assigned to each stakeholder category, and inventory indicators and subcategories are assigned to each of those impact categories. The framework presented in the guidelines is based on subcategories, which are socially significant themes or attributes that are classified according to the stakeholder and impact categories; the subcategories are assessed by the use of inventory indicators.
Although their contribution of the guidelines to the social impact assessment field has been significant, they present some significant challenges to the practitioners. The guidelines provide a general framework for performing a social impact assessment, including a set of stakeholders and indicators for each of the social impact categories. However, they are not clear on how to perform an objective selection of the stakeholders and indicators used in the analysis, and on how to normalize or aggregate the results. Another drawback of this method is that it is not developed enough to assess the use phase of the lifecycle.
2013. UNEP/SETAC Methodological Sheets
The Methodological Sheets [34] are intended to be used as a complement to the 2009 guidelines when performing the S-LCA. The sheets have been developed recognizing that data collection is the most challenging step when performing a social impact assessment study. Because the sheets are meant to serve as a complement to the 2009 UNEP/SETAC guidelines, these are organized based on the stakeholder categories of workers, local community, society, consumers and value chain actors, under which each corresponding subcategory identified in the guideline is further elaborated. For each stakeholder category, the sheets provide a detailed definition of the stakeholder category, policy relevance of the category, relevant international conventions and agreements, examples of inventory indicators, units of measurements and data sources for generic and specific data analysis. Although the sheets provide a vast amount of data for each of stakeholder category, there is still a lack of guidance on how to perform subsequent steps of the assessments.
Prospective Sustainability Assessment of Technologies (PROSUITE)
The Prospective Sustainability Assessment of Technologies (Prosuite) [35] aims to deliver a broad life cycle assessment (LCA) framework for the sustainability assessment of existing and new technologies, taking into account the three pillars of sustainability: Economic, environmental and social. The framework is applicable to the evaluation of different technology alternatives and supports policy decision making and future company decisions. It relies on the evaluation of a prospective technology with respect to a reference technology scenario. It is included in this document, as it is one of the few methods that exist to assess prospective technologies. The method has a micro-assessment tool that is intended to be used to perform a social impact analysis regarding the "prosperity" category in the analysis.
However, the micro-assessment tool is only applicable for chemical plants; the prosperity analysis must be performed manually for other products and services. Another limitation of the PROSUITE method is that the analysis takes a significant amount of time, which means that it is not suitable for performing a screening or low detail analysis, unless some parts of the analysis are omitted.
Life Cycle Attribute Assessment (LCAA)
The Life Cycle Attribute Assessment (LCAA) [36] method summarizes attributes of processes along a product's life cycle or company supply chain by means of certification of process attributes.
The method builds on the theoretical structure of LCA to construct a supply chain model and aims to enable local, site-specific evaluation results (i.e., SA 8000, ISO 14001, Fair Trade Certification) to be integrated into LCA. The method provides a link between the LCA and Corporate Social Responsibility (CSR) methods [37] , by determining what percentage of a product's supply chain has a particular attribute.
The method does not provide any guidance for the selection of indicators when performing the attribute calculation, meaning that the indicators used depend heavily on the user.
WBCSD Social Lifecycle Metrics for Chemical Products Guideline
The Social Lifecycle Metrics for Chemical Products Guideline provides guidance and social lifecycle metrics that enable companies to assess and report on the social impacts of chemical products within the full value chain, by means of a life cycle approach [38] . This method is inspired mainly by the 2009 UNEP/SETAC Guidelines [8] and the 2014 Handbook for Product social impact assessment [33] . The method relies on 25 selected social topics that are divided into two groups: 11 mandatory social topics, and 14 non-mandatory social topics. The results are presented on a 5-level reference scale from −2 (unacceptable) to +2 (outstanding) via 0 (standard compliance). The framework was included in this summary, as it is applicable to products from the chemical industry specifically.
However, the method still presents some significant challenges to the user. The use of a 5-point scale might be misleading when reporting the final results. Also, the analysis is very elaborate and data-intensive, meaning that it is not suitable for performing screening or low-detail studies.
Poverty and Social Impact Analysis (PSIA)
Poverty and Social Impact Analysis (PSIA) involves the analysis of the distributional impact of policy reforms on the well-being of different stakeholder groups, with a particular focus on the poor and vulnerable [39] . The framework aims at understanding the impact of policy changes by evaluating policy impacts individually to understand the overall effect of a group of reforms. Now that poverty has been recognized as a multidimensional issue, social indicators are now used in its analysis, in addition to economic indicators.
PSIA assumes that policy impacts will affect the welfare of communities through five channels: Employment, prices (production, consumption, and wages), access to goods and services, assets and transfers and taxes. It is expected that single policy reform will affect more than one channel. One of the main challenges with performing PSIA is understanding long-term policy effects based on short-term information, because policy impacts take time. In addition, the effects of policy impacts will depend upon the stakeholders, as each has different circumstances, but are impacted by the same policy reform. Because policy reforms are evaluated individually, the interaction effects between the policies are not captured.
Socio-Economic Impact Assessment (SEIA)
Socio-Economic Impact Assessment (SEIA) is a systematic method used during environmental impact assessment to identify and evaluate the potential socio-economic and cultural impacts of a proposed development on the lives and circumstances of people, their families and their communities [40] . Impacts are defined as changes caused directly or indirectly by industrial development activities. SEIA tends to focus on avoiding detrimental social impacts caused by industrial development activities, and also to plan for maximizing the benefits of such activities. The method is a complement to performing an environmental impact analysis, and it focuses on identifying, assessing, mitigating and monitoring the potential socio-economic impacts of a proposed development.
One of the weaknesses of SEIA is that the boundaries of the system being analyzed are the same as the ones used for the environmental impact assessment. This approach might affect the completeness of the analysis, because social impacts usually extend further than environmental impacts.
Determination of Challenges from Systematic Map
The systematic map protocol enables a detailed understanding of current social impact assessment methods, and can also reveal gaps that are present in the field. The determination of such gaps allows the researcher to determine important aspects of the research, such as the relevant areas of the contribution of the research or the main barriers that are preventing the field from advancing. For the social impact assessment field, a number of challenges were identified from the selected articles. Table 6 provides a summary of the challenges identified in the social impact assessment field, along with the reference articles in which each of the challenges are mentioned. This list of challenges is described in detail in Section 4.2. Table 6 . Summary of challenges when performing social impact assessments.
Challenge
Explanation Related Articles Selection of stakeholders relevant to the study [39, 40, 56, 57] 
Discussion
Discussion of Selected Articles
A summary of articles that used literature reviews to investigate challenges and future research direction for social impact assessments is shown in Table 7 . As with the rest of the selected articles, most of these focus their literature review on the S-LCA methodology. The majority of these studies focus on the methodological weaknesses of S-LCA [10] , such as the selection of impact criteria and indicators [5, 11, 30] , identification of the system boundaries [48] , the selection of inventory data, characterization and the weighting method used [32] . Two articles focus on the use of a systematic review to determine future research areas of research in S-LCA [49, 50] . Table 7 . Summary of previous systematic review articles.
Reference
Year Issue Investigated [30] 2018 Selection of impact criteria and indicators [49] 2018 Use of automatic text analysis to determine state of the art and future research direction [48] 2018 Identification of the system boundaries and areas of needed developments [11] 2017
Identification of issues with indicators across industries.
Authors synthesize a list of indicators as a step towards standardization.
[10] 2018 Weaknesses of Social Lifecycle Assessment (S-LCA) by means of case study analysis [5] 2018 Identifications of social impacts of products [32] 2018
Exploration of type I S-LCA methods with a focus on inventory data, aggregation, characterization and weighting methods [50] 2018 Analysis of the main issues affecting S-LCA with a focus on the automotive sector Because of its wide implementation, methodological issues with the LCA framework have been highlighted by numerous authors outside of the social impact assessment field [15, 51, 52] . This is why a lot of the challenges mentioned by the authors are also present in environmental LCAs. Based on the systematic map results, the majority of authors use a social impact assessment methodology that is LCA-based. It should then be no surprise that a lot of these challenges are mentioned by the authors when performing social impact assessments using S-LCA. Although most articles follow an LCA approach, the methodology being implemented is modified based on the application being analyzed. This becomes a significant challenge when attempting to propose a standard methodology that is appropriate for most applications. Among the LCA studies, the 2009 UNEP/SETAC guidelines had a strong presence, where 44% of the case studies cite them as a source of information with regards to the stakeholder groups, impact categories and indicators. Another important observation regarding LCA studies is that 79% performed a "cradle to gate" analysis while 21% performed a "cradle to grave" analysis, which is expected, due to the higher level of complexity present in the "cradle to grave" analysis.
The case studies were evaluated with regards of the scope of the study, i.e., the purpose of performing the social impact assessment. The case studies were classified according to the following categories adopted from the work of Kjaer, et al. [53] : Comparison, informative or enhancement scope. Table 8 shows the question being addressed by each of the study scopes. The comparison scope aims to evaluate the social impacts among different alternatives. Thirty-six percent (36%) of the case studies had a comparison scope. The informative scope assesses the social impacts resulting from the implementation of the system being studied. Fifty-six percent (56%) of the case studies had an informative scope. The enhancement scope aims to determine how the system implemented can be enhanced. Only 8% of the case studies had an enhancement scope. These results show that most social impact assessments are focused on having an understanding of the social impacts of the system and on how the selection of different alternatives affects these impacts. Table 8 . Study scopes identified in case studies.
Study Scope Question Addressed
Comparison What are the social impacts among different alternatives?
Informative
What are the social impacts resulting from the introduction of the system?
Enhancement
What are the social impacts of the system, and how can it be enhanced?
Although access to data is recognized as one of the most difficult aspects of performing a social impact assessment, 96% of the case studies relied upon data for performing their analysis, while only 4% relied on the use of modeling. Among those that used data, 50% used a combination of primary and secondary data sources, 30% used primary data only, and 20% used secondary data only. Regarding the type of indicator used in the case studies, 56% use quantitative indicators, 24% use qualitative indicators and 20% use semi-quantitative indicators. Table 9 shows a summary of the databases used in the case studies. The databases were classified based on the following three categories: Global or International Agreements, Standards or Handbooks, Sustainability Frameworks and Country or Economic Sector Guidelines. The number of databases highlights the difficulty in achieving a generalization of data among different social impact studies, as there is usually no agreement among the data reporting infrastructure within them. This is one of the biggest roadblocks towards achieving standardization among the social impact assessment methodology. Before deciding whether or not standardization is the best approach, one must carefully balance the risk of losing local context with the risk of achieving a standard method. Table 10 shows a summary of the articles based on the type of impacts being analyzed in each of them. The majority of articles (75%) focus on evaluating socioeconomic impacts, which is expected, since most of the articles apply the UNEP/SETAC Guidelines [8] framework, in which socioeconomic impacts are the focus. Eleven percent (11%) of articles perform the analysis based on the three-dimensional sustainability approach, which states that sustainability is composed of an economic, environmental and social dimension. A combined social and environmental focus was the least common in the selected articles, with only a 5% share. Nine percent (9%) of the articles were classified as using a "Novel Approach", meaning that the authors present a methodology that is not based on the typical impact assessment approach that is presented on the UNEP/SETAC guidelines. The authors adopt methodologies from other disciplines to perform the sustainability evaluation. Reitinger et al. [54] use the capabilities approach from philosophy to define the impact categories used in their analysis. Bianchi et al. [55] propose a social evaluation of energy systems based on the following five equity definitions: Social equity, spatial equity, intergenerational equity, procedural equity and structural equity. Janker et al. [56] perform a social assessment of an agricultural system by combining Parson's social system of change and Maslow's hierarchy of needs. These are novel approaches, and they show that authors are researching methodologies outside of the typical areas to complement what is already existing in the literature. Table 10 . Summary of the approaches used for sustainability assessment.
Assessment Type Share of Articles Reference of Article
Socio-economic assessment 75% [6, 8, 27, 31, 33, 41, 45, 47, 50, Social, economic and environmental 11% [89] [90] [91] [92] [93] [94] Novel approach 9% [54] [55] [56] 95, 96] Social and environmental 5% [44, 97, 98] 
Discussion of Identified Challenges
A total of 12 challenges were identified by reviewing the selected articles. Each of the challenges is explained in more detail in the following subsections.
Challenge #1: Determination of What Social Impacts to Consider and How to Quantify Them
Part of the issue with the determination of social impacts is that there are varying definitions of what social impacts are, and what should be considered a social impact. As pointed out in Grijalva et al. [41] , "The categorizations of social performance measures presented in the literature vary greatly, resulting in non-uniform assessments in practice. There is a need for a standardized assessment tool that is generalizable and accessible to all industries". This issue is also raised by Vanclay [99] , where a review of existing lists of social impact variables are "found to be inadequate and contradictory".
Vanclay established that social impacts influence "an actual experience of an individual or community." [99] . Another issue with social impacts is the fact that the evaluation of social impacts may be seen as subjective by the different stakeholders, which is further exacerbated by the lack of a standard code of practice when performing SIA [49] .
Challenge #2: Uncertainty with Indicator Selection, Characterization or Normalization, Weighting and Aggregation
Uncertainty is present at many stages of SIA. The first step of performing any type of impact assessment is the selection of the indicators that would make up the inventory analysis. The inventory of the indicators determines what data needs to be collected to perform the assessment. Depending on the approach selected for performing the impact assessment, the practitioners would select the indicators for a predetermined list, or in other cases, the authors aim at developing their own set of indicators. As stated by Zanchi et al. [50] , "a robust approach for indicators' selection is seldom discussed and reported in a transparent way". SIA studies use different types and numbers of social indicators, which has motivated authors to propose methods of developing social indices and indicators [82] .
Once the data for each of the indicators have been selected, the next step is to normalize the values. The normalization step aims at allowing for the comparison of different impact categories that have very different numerical scales. A typical approach is the use of Performance Reference Points (PRP), which are reference values used to scale the results based on global or context-specific data values. Siebert et al. [47] raises the fact that there is no standard characterization method yet in SIA, and they propose the RESPONSA framework. The RESPONSA framework is a characterization approach that "generates context-specific PRP", which can effectively reflect the social conditions influencing the various organizations involved in producing a specific product.
The weighting step is required to perform the aggregation of the resulting normalized values. In order to allow for the comparison of different sustainable alternatives, the results are often aggregated into a single score that represents the "sustainability level" of the design alternative being considered [35] . The weighting step assigns importance levels to the results before performing the aggregation of the results. The methods used to establish the weights vary significantly, and is thus a source of uncertainty in the final results. In addition, the method used to perform the aggregation also varies among different studies, which is another source of uncertainty when comparing the results of different social assessments.
Challenge #3: Determination of Whether a Functional Unit Should Be Used
As per the Internal Standard for Environmental Life Cycle Assessment ISO 14040 [100] , the functional unit is defined as "a measure of the performance outputs of the product systems". The document also explains that the functional unit provides a reference to which inputs and outputs are related, a necessary feature to ensure compatibility and comparability among different LCA studies. Different from an environmental LCA, social impact assessments deal with a higher level of qualitative indicators that are not tied to a product functional unit. The inclusion or not of a functional unit could be affected by numerous factors, such as the scope of the analysis, the relevance of the process, the product system scheme [49] , and even the system boundary definition [31] . As stated in Siebert et al. [44] , a review performed by Petti et al. [10] indicates that "out of 35 social LCA case studies, only 12 took a numerical unit into account, whereas 18 considered the use of a non-numerical functional unit and 5 stated no functional unit at all". In the cases in which the social assessment is performed as an extension to an environmental LCA, along with the same system boundary definitions, it is recommended to use the same functional unit for the two analyses. Other studies, such as Umair et al. [101] , consider qualitative data, and they emphasize that it is not possible to express the impacts using a functional unit.
Challenge #4: Determination of Minimum Criteria to Be Satisfied during Data Collection Efforts
Data collection is a crucial component of performing social impact assessments, and it has been recognized that "data collection can benefit from improved standardization and integration with social sciences" [41] . It is often regarded as the most difficult and time intensive part of the study [38] . Data sources are divided into primary and secondary data sources. Primary data sources refer to data collected directly from the companies or institutions being studied. Secondary data sources refer to databases of collected data at the country or sector level, such as the Social Hotspot Database [46] or the Product Social Impact Life Cycle Assessment (PSILCA) database [102] . Certain frameworks, such as the Product Social Impact Assessment (PSIA) [33] , recognize the importance of data quality when collecting data and recommend the use of a data quality matrix to assess the quality of the collected data.
Challenge #5: Allocation of Social Impacts into Different Categories
The use of indicators when performing a social impact assessment involves their classification into different groupings called impact categories. Let us take as an example the PROSUITE framework for performing sustainability assessments of prospective technologies [35] . The sustainability assessment consists of an aggregated analysis of the following five impact categories: Impact on human health, impact on social well-being, impact on prosperity, impact on the natural environment and impact on exhaustible resources. To determine the impact at each category, a group of indicators is assigned to each of the impact categories. The grouping of indicators and social impacts into different impact categories can be a source of uncertainty, since there is no single, standard methodology to perform such a classification. This process is further complicated when direct links between indicators and social impacts are such a big issue in social impact assessments [42] .
Challenge #6: Connection of Social Impacts with Products rather than with the Conduct of Companies Producing the Products
Evaluating the social impact of a product involves the evaluation of social conditions along the production and supply chain of a product. A practitioner performing a social assessment of a product may want to focus on the companies involved with producing such a product. In this case, the social impacts of the product would be determined by the conduct of the companies producing the product and the score they get in the set of indicators being evaluated rather than on the product itself [45] . The social assessment might not differentiate much between different products whose companies have similar social information within them [33] . This presents a significant challenge when a group of designers is evaluating the different design alternatives of a product, and the process of selecting the more socially sustainable alternative becomes a matter of the conduct of companies rather than of the technical specifications of the product itself. The World Health Organization (WHO) recognizes that there is no universal definition of social well-being, as it may have different connotations for different individuals [103] . Hasster et al. [75] summarize different definitions of well-being found in the literature: "For instance Keyes [104] defines social well-being as the appraisal of one's circumstance and functioning in society, while the USIP [105] defines it as an end state in which basic human needs are met and people are able to coexist peacefully in communities with opportunities for advancement". But why is the definition of social well-being so important? And how is it connected to products and services, when there is a lack of well-documented impact pathways between inputs and social impacts [32] ? The definition of social well-being used in the social assessment should always be important, since the goal of performing social assessment is to minimize any detrimental impacts on stakeholders. The definition becomes especially important when using frameworks that have social well-being as part of their analysis, such as the PROSUITE framework.
Challenge #8: Selection of a Preferred Method to Perform the Social Impact Assessments
While there are many S-LCA approaches available in the literature, there is a lack of a standard method to be agreed upon, and a lack of assessment priorities [3, 45] . There is not yet any common list of social impact indicators that have been agreed upon in the field [30] . Having an agreement on a global list of indicators and an assessment method will aid in the standardization of performing social assessments, and in the ability to compare the results from different studies.
Challenge #9: Definition of the System Boundaries
System boundaries define which inputs and processes are included in the social assessment. System boundaries will also define the data that needs to be gathered to perform the assessment, as it will determine the list of indicators to be used in the study. The definitions of the system boundaries found in the literature are numerous. Some studies define similar system boundaries as the environmental LCA, while others attempt to consider the full life cycle of the product, but ignore the processes that do not substantially influence the overall outcomes of the study [31] . The lack of a standardized method to define the boundaries of the analysis complicates the process of comparing results from different social assessments.
Challenge #10: Selection of Global or Location Specific Data
Different from environmental and economic impact assessments, the use of local data is essential in most social impact assessments. Some social impact assessments are performed only for screening purposes, using country or sector level data to detect areas of crucial improvement [46] . When performing a more detailed analysis, the use of local data is recommended, but there are still challenges present during the data collection stage with regards to financial and temporal resources, or even data availability. The decision to use global or local specific data is very important, and will affect the results of the social impact assessment.
Challenge #11: Selection of Scoring Scales for Reporting the Results
There is currently no general standard for interpreting the results of Performance Reference Points (PRP) social impact assessments. As stated by Siebert et al. [47] "However, a characterization approach, based on a context-specific benchmark which is easy to understand and interpret, is still missing. In general, characterization approaches provide meaning to social indicator values (i.e., the inventory data). However, there is no standardized S-LCA characterization method yet". The variety of numerical scales used to report the results from social impact assessments are proof of the lack of a standard to report the results. As shown by Singh et al. [83] "While Hosseinijou et al. [85] have taken a 6-point scale with values ranging from 0 to 9, Foolmaun and Ramjeeawon [106] have gone for a 5-point scale with values ranging from 0 to 4. For this study, a 4-point scale having values ranging from 1 to 4 is proposed, with scoring 1, 2, 3 and 4 representing highly negative, negative, neutral and positive impact, respectively, as perceived by the individual respondents. The selection of a 4-point scale has been made to establish a reasonable balance between the ease of responding and adequate granularity in the results". Other frameworks such as PSIA and Social Lifecycle Metrics for Chemical Products Guideline use a scale from −2 to +2 [33, 38] .
Challenge #12: Selection of Stakeholders Relevant to the Study
The use of stakeholder theory is significant in a number of frameworks found in the literature. Because the 2009 UNEP/SETAC was such a significant source of inspiration for social impact assessments performed after the publications, the use of stakeholder theory is very common in case studies and frameworks developed after their publication; these include, but are not limited to, WBCSD Social Lifecycle Metrics for Chemical Products Guideline, Poverty and Social Impact Analysis and the Product Social Life Cycle Assessment (PSILCA) Database [38, 39, 102] . The selection of stakeholders is crucial, as this determines the individuals and communities that are included within the system boundaries; in other words, it determines who will be included in the analysis. Part of the challenge when performing social impact assessments is the fact that social impacts can be more far-reaching than environmental and economic impacts, and their inclusion in the analysis needs to be balanced with the resources available to perform the study.
Conclusions
Progress in the field of social impact assessments is essential to achieve better informed decisions with respect to the topic of social impacts and social sustainability. The higher number of published articles and grey literature related to social impact assessments in recent years shows increased interest in the improvement of social aspects, resulting from product development and public policy decisions. Social impact assessments play a significant role in achieving global sustainability goals by complementing the results of environmental and economic assessment methods. In order to contribute to the development of socially sustainable practices, the purpose of this study was to develop a detailed understanding of the field by collecting and analyzing published material related to social impact assessments. Additionally, the selected articles allowed the identification of a set of fundamental challenges present when implementing social impact assessments. By means of a systematic mapping process, 81 articles were selected through an online database search, from which 49 of these had a case study application. Additionally, eight grey literature documents consisting of frameworks and roundtables were included in the process of identifying the challenges present when performing social impact assessments. The articles have been categorized by means of a generic and detailed description, shown in Tables S1 and S2 of the supplementary material. The coded information has been organized in an electronic database file for the interested reader.
The selected articles and grey literature data highlighted the high variability of procedures and methods that exist in the literature to perform social impact assessments. All industry sectors (based on the 2017 NAICS) are represented at some level in the selected articles, with agriculture, manufacturing and utilities having the highest representation. LCA-based methods are the preferred choice among the selected articles, although significant variations are performed based on the characteristics of the application. Results show that most social impact assessment studies aim to evaluate the social impact of the system for informational purposes, followed by the comparison of different alternatives of the system with regard to their social impacts.
The systematic mapping also allowed for the identification of a set of recurring challenges that practitioners face when performing social impact assessments. A lot of these challenges are also seen in the field of E-LCA [51, 52] , and this should be no surprise, as most of the studies selected in the systematic map are based upon the S-LCA framework. It seems that in addition to the challenges already identified in E-LCA, social impact assessments add an additional level of difficulty. The 12 challenges identified by means of the systematic map should serve as a reference for future research areas to ease the implementation of social impact assessments. Although there is an increased interest from the scientific community in the field of sustainability and social impact assessments, there is still a lack of implementation by private companies of such methods. Assuming the companies are interested in understanding the social impacts of their product decisions, it might be challenging to incorporate social impact assessments into their already complicated product development process. One of the sub questions of the systematic map aimed at determining which of the articles presented a method that is applicable to the product development process.
Of the selected articles, only 9% had a product development application, which shows a need for developing methods that are more applicable in this aspect. More significant is the fact that there are not any practical methods and tools to a perform sustainability assessment during the early stages of designs [91] .
The contributions from this article are divided into the following three areas: Scientific, industry and social contributions. A scientific contribution is achieved by developing detailed knowledge of the social assessment field and creating a classified database of the methods available. An industry contribution is being made by the identification of a set of challenges that are complicating the implementation of social impact assessments. By identifying these challenges, future research efforts should focus upon developing solutions that ease the application of social assessments from a company standpoint. A social contribution is achieved by providing future research areas of focus that will allow for an easier implementation of social impact assessments. Easier implementation results in better informed decisions that are translated to the community through more socially sustainable products and services. This study aims to help both social impact practitioners and researchers to better understand what the critical issues are in the field of social impact assessment.
The role of social impact assessment is critical towards the goal of improving the economic, environmental and social sustainability of communities at a global scale. The future of social sustainability should focus on incorporating knowledge from other disciplines, such as social sciences, where social impacts are evaluated from a more qualitative perspective, relative to the quantitative approaches used in engineering. Incorporation of stakeholders is recommended regardless of the system boundary definition of the studies. Stakeholder input may be incorporated at all stages of the social impact assessment, but specially during the early stages of the analysis when the study scope and system are being defined. Future research efforts should focus on simplifying the process of performing social impact assessments to increase the implementation of such methods in industrial and private company settings.
There are limitations to the completed study. One of the limitations has to do with the generalization of the results across all industry sectors and disciplines. The vast amount of industry sectors considered in the selected articles may limit the generalizability of the results. As an example, 19% of the articles considered belong to the scope of company management or consulting. Although the goal is to obtain generalizable findings from the systematic mapping procedure, the authors only claim these results to be valid for the selected articles.
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